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Abstract Of EP0493897 

An improved thermal Inkjet printhead and 
manufacturing method in which driver circuitry 
(e.g. MOSFET transistors), heating resistors, and 
a specialized arrangement of conductive 
elements are used. A substrate is provided 
having a plurality of drive transistors thereon. A 
layer of resistive material (e.g. a tantalum- 
aluminum mJxture or doped polycrystalline 
silicon) is deposited on the substrate and directly 
connected to the source, gate, and drain of at 
least one transistor. A layer of conductive metal 
(e.g. aluminum) is deposited on a portion of the 
resistive layer, forming both covered arid 
uncovered regions thereof. The uncovered region 
functions as a heating resistor, and the covered 
regions function as direct electrical contacts to 
the transistor, thereby minimizing the number of 
conductive elements in the printhead. The 
resistor is positioned beneath an ink-retaining 
cavity, and is designed to heat ink therein for 
expulsion through an orifice plate. 
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Thermal ink Jet printhead having driver circuitry thereon and method for 
making the same. 

Description of EP0493897 

Background of the Invention 

The present Invention generally relates to thermal inkjet systems, and more particularly to an inKjet 
printhead having driver circuitry thereon which communicates with the printing resistors and other 
components of the printhead using a specialized conductive system. 

A substantial demand exists for printing systems of high efficiency and resolution. To satisfy this demand 
thermal inkjet cartridges have been developed which print in a rapid and efficient manner. These 
cartridges include an ink reservoir in fluid communication with a substrate having a plurality of resistors 
thereon. Selective activation of the resistors causes thermal excitation of the ink and expulsion thereof 
from the cartridge. Representative thermal inkjet systems are discussed in U.S. Patent No 4 500 895 to 
Buck et al. t No. 4,513,298 to Scheu, No. 4.794,409 to Cowger et al., the Hewlett-Packard Journal. Vol 36 
No. 5 (May 1985). and the Hewlett-Packard Journal, Vol. 39. No. 4 (August 1988). 

In recent years, research has been conducted In order to increase the degree of print resolution and 
quality of thermal inKJet printing systems. Print resolution necessarily depends on the number of printing 
resistors formed on the cartridge substrate. Modem circuit fabrication techniques allow the placement of 
substantial quantities of resistors on a single printhead substrate. However, the number of resistors 
applied to the substrate is limited by the conductive components used to electrically connect the cartridge 
to external pulse driver circuitry in the printer unit. Specifically, an Increasingly large number of resistors 
requires a correspondingly large number of interconnection pads, leads, and the like. This causes greater 
manufacturing/production costs, and increases the probability that defects will occur during the 
manufacturing process. 

* 

In order to solve this problem, thermal inkjet printheads have been developed which incorporate pulse 
driver circuitry (e.g. metal oxide semiconductor field effect (MOSFET) transistors) directly on the printhead 
substrate with the resistors. TTiis development is described in U.S. Patent No. 4,719,477 to Hess The 
incorporation of driver circuitry on the printhead substrate in this manner reduces the number of 
interconnect components nee<f to electrically connect the cartridge to the printer unit. This results In an 
improved degree of production and operating efficiency. 

The integration of driver components and printing resistors onto a common substrate also results in a 
need for specialized, multi-layer connective circuitry so that the driver transistors can communicate with 
the resistors and other portibns of the printing system. Typically, this connective circuitry involves a 
plurality of separate conductive layers, each being formed using conventional circuit fabrication 
techniques. However, this procedure again results in increased production costs and diminished 
manufacturing efficiency. The present invention involves a unique conductive system for electrically 
connecting the driver transistors with the printing resistors and other necessary components. The 
invention uses a minimal number of conductive layers which are arranged in a special manner in order to 
reduce the number of production steps.The resulting product operates in a highly efficient manner and is 
economrcaJly manufactured compared with previous production methods. 



Summary of the Invention 



It is an object of the present invention to provide a thermal inkjet printing system of improved design. 

It is another object of the invention to provide a thermal inlget printing system which is readily 
manufactured using a minimal number of processing steps. 

It is another object of the invention to provide a thermal inkjet printing system which uses a minimal 
number of operating components. 

It is a further object of the invention to provide a thermal inkjet printing system in which the amount and 
complexity of interconnect components used to connect the ink cartridge to the printer is reduced. 
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It is a still further object of the invention to provide a thermal inkjet printing system which uses a substrate 
having driver circuitry and heating resistors integrally formed thereon. 

It is an even further object of the invention to provide a thermaJ inkjet printing system which uses a 
specialized conductive system for electricaliy connecting the driver circuitry and heating resistors of the 
printhead, both of which are formed on a common substrate. 

In accordance with the foregoing objects, the present Invention involves a specialized inkjet printhead 
which operates efficiently and is readily manufactured using a minimal number of processing steps. 




layer of resistive material preferably consists of a 
composition selected from the group consisting of polycrystalline silicon, a co-sputtered mixture of 
tantalum and aluminum, and tantalum nitride. The layer of resistive material is applied so that it is in direct 
physical engagement with the electrical contact regions of the drive transistors (e.g., the source, gate and 
drain of MpSFET transistors)^ layer of conductive material (e.g., aluminum, gold, or copper) is positioned 
on selected portions of the layer of resistive material in order to form covered sections of the resistive ; 
matenal and uncovered sections thereof. The uncovered sections ultimately function as heating resistors 
in the pnnthead. The covered sections are used to form continuous conductive links between the electrical 
contact regions of the transistors and other components In the printing system (e.g. the heating resistors) 
Thus, the layer of resistive material performs dual functions: (1 ) as heating resistors in the system and <2) 
as direct conductive pathways to the drive transistors. This is a significant development, and substantially 
eliminates the need to use multiple layers for carrying out these functions. 

A selected portion of protective material is then applied to the covered and uncovered sections of resistive 
material. Thereafter, an onfice plate member having a plurality of openings therethrough is positioned on 
the protective material. Beneath the opening, a section of the protective material is removed in order to 
from an ink-receiving cavity thereunder. Positioned below each cavity is one of the heating resistors 
formed as described above. The activation of each resistor by its associated driver transistor causes the 
resistor to heat the cavity above it, thereby expelling ink therefrom. These and other objects, features and 
advantages of the present invention shall be described below in the following Brief Description of the ' 
Drawings and Detailed Description of Preferred Embodiments. w*wjpunn onne 

Brief Description of the Drawings 

in U wS^^ ^ pre ? ent,y P referred embodiments of the invention are shown in the accompanying drawings 

Fig. 1 is a partially exploded perspective view of a representative thermal inkjet cartridge in which the 
present invention may be used. 

Fig. 2 is a partially exploded perspective view of an alternative thermal inkjet cartridge in which the oresent 
invention may be used. 

Figs. 3-1 1 involve enlarged, cross-sectional schematic views of the materials and sequential production 
steps used to produce a thermal inkjet printhead in accordance with the present invention, with the 
completed product being schematically illustrated in Fig. 11. 

Detailed Description of a Preferred Embodiment 

The present Invention involves a specialized thermal Inkjet printhead having driver circuitry and heatino 
resistors thereon. Both of these components are electrically connected to each other In a unique manner 
as described herein. With reference to Figs. 1 and 2, exemplary thermal Inkjet cartridges are illustrated 
which are suitable for use with the present invention. However, the invention is prospectively applicable to 
1 and 2 P" nt| ng systems, and shall not be limited to incorporation within the cartridges of Figs. 

With continued reference to Fig. 1 . a cartridge 10 is shown which includes a backing plate 12 having an 
outer face 13 with a recess 14 therein. Secured within the recess 14 is a substrate 16 The substrate 16 
may be configured as desired to include both pulse driver circuitry 1 7 and heating resistors 19 thereon as 
fEn?"^ " ,gstra i ed ,n R 9- 1 and discussed In U.S. Patent 4,719,477 to Hess. Positioned on the 
substrate 16 is an onfice plate 20 through which ink is ultimately ejected. The cartridge 10 further includes 
ink-retaining means in the form of a flexible bladder unit 22 which is fixedly secured to the inner face 23 of 
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the backing plate 12. The bladder unit 22 is positioned within a protective cover member 24 which is 
secured to the baking plate 12.Accorting|y, the backing plate 12 and the cover member 24 combine to 
form a housing 25 designed to retain the bladder unit 22 therein. An outlet 26 is provided through the 
iEfEW 8 * communicates with the interior of the bladder unit 22. In operation, ink flows from 

the b adder unit 22 through outlet 26. Thereafter, the Ink flows through channel 28 and panes Into an 
opening 32 through the substrate 16 where it is subsequently dispensed. Further structural details 

? 1 '. a8 ^ **. me °Pf rational characteristics thereof are described in U.S. Patent No 
?*2S£L i n • e * «• ^ Ch ' a ' 0n9 , With U S> Patent 4 ' 71 Q ' 477 ' is incorporated herein by reference 
SSSS ISi^^SJ^ S0 ' d bV ^ Palo Alto, 

£2S£ ^r 8 ' exem P |ar y/?rtridge 38 with which the present invention may be used is illustrated. 
Cartridge 36 ncludes a reservoir 38 having an opening 40 in the bottom thereof as Illustrated Also 
included Is a tower portion 42 sized to receive ink-retaining means in the form of a porous, sponge-like 
member 44. The reservoir 38 and the lower portion 42 attach together to form a housing 49 in whfch the 

U! em K er jl '^ OSit ii ned : ,nk fr™ 1 the reseivoir 38 flows trough opening 40 into the porous 
sponge-like member 44. Thereafter, during printer operation, ink flows from the sponge-like member 44 
through , an ouUe t50 in the lower portion 42. The ink then passes through an addfional opening 58°n a 

ESS? SXSZ^V^^ ^ irC . uitry J1 d heatin 9 raslstore (™* shown) thereon in accordance 
with U.S. Patent No. 4.7i9,477.The cartridge 36 further includes an orifice plate 60 through which the Ink 
passes during printer operation. Additional details and operational characteristics of cartridge 36 are 
discussed ir, .US. Patent 4.794,409 to Cowger, et el. which is Incorporated herein by reference Cartridae 

™?Z£. B n«^,f T.T ad K m 2 rk ,^ em,ore ' me general ^"s'njction and operation of thermal inkiet 
, systems is described In the Hewlett-Packard Journal. Vol. 36, No. 5 (May 1985) and the Hewlett PanLm 
Journal, Vol. 39. No. 4 (August 1988), both of which are also incorporated herein Toy referent 

As previously indicated, enhanced print resolution Is an important goal In the design of thermal inkiet 
K^m! 6 ^ ^2" V 081 • coom P ,l *«d through the use of increased numbers of heating 
^fl I . ? ? ^ febricat,on techniques enable substantial amounts of resistors to be fabricated on 

m2?[« S ™T 1 ??; H ° W f ? r ' P . hySk f al ,irnitetions ex, <* with respect to the conductive connection cSry 
Uftadtoconnect the resistors to pulse driver circuitry in the printer unit as noted above. To solve this . 

, 8 Inkjet printheads have been developed which include pulse driver components (e o 
? . . ^ansistors) directly on the substrate, as described in U.S. Patent 4,719,477. This development 
substantially reduces the number, of connective components necessary for cartridae : aBve, °P me nt 
ojwration.Nonetfieless. the integration of both heating resistors and MOSFET driver transistors onto a 
common substrate created a need for additional layers of conductive circuitry on the substrate so that the 
L a Zon° a ?,^ ay be el ^ r, ? a "y connected to the resistors and other components of the system. These 
SK^T"* '"creased production and material costs. The present invention^ involves a 

special circuit arrangement for Connecting the resistors, transistors, and other components of the system 
together which avoids these problems In a highly efficient manner. pwwms or me system 

With reference to Figs 3-1 1 schematic illustrations are provided which show the process steps necessa/y 
to electrically connect the electrical contact regions of the pulse drive transistors with the heaUng nSSSS 
and other printer components in accordance with the present invention. The term -electrical contact 
regions as used herein shall represent the source, gate, and drain of a MOSFET transistor or the base 
collector, and emitter of a bi-polar transistor device. vansisior or me Dase, 

Fig. 3 illustrates a substrate 70 which, in a preferred embodiment, has a lower portion 71 manufactured of 
mils^^mum)*^ °" 7116 ,OWer portk>n 71 P referab, y has a thickness of about 19 - 21 mils (20 

The subslrate 70 further includes an upper layer 72 of silicon dioxide which is formed by thermal oxidation 
Alternately upper layer 72 may be formed by heating the lower portion 71 In a mixtura of sE oxygen 
and argon at a temperature of about 300 - 400 degrees C until the desired thickness of silicon dfoxide has 
been formed, as discussed in U.S. Patent 4.51 3.298 to Scheu which Is incorporated herein by 
reference.Thermal oxidation processes, and other basic layer formation techniques described herein 
including chemical vapor deposition (CVD). plasma-enhanced chemical vapor deposition (PECVD) low 
pressure chemicalvapor deposition (LPCVD), and masking/imaging processes used for layer definit on 
are wen known in the art and described in a book by Elliott W D.j.. entitled Integra^C^SSKKT 
Technology. McGraw-Hill Book Company. New York, 1 982 (ISBN No. 0-07-019238-3) raDncat,on 

^EETSmL 72 h3S 8 prefe . rred thickness of about 10.000 - 24.000 angstroms (17,000 angstroms = 
SEE tI' a * 6 pu, P oses of «l ,s application, the substrate 70 shall be defined to indude both tha lower 
portion 71 and the upper layer 72. in a preferred embodiment, the upper layer 72 may also include a torn 
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dielectric substrate layer (not shown). An exemplary material for this purpose includes CVD deposited 
silicon dioxide at a thickness of about 3500 - 4500 angstroms (4000 angstroms - optimum) In an 
alternative embodiment, silicon nitride may be used at a thickness of about 800 - 1200 angstroms Aqain 
the substrate 70 shall be defined herein to include the dielectric layer described above. ' 

Integrally formed on the substrate 70 Is a plurality of drive transistors (e.g. of the MOSFET type) one of 
which i is schematically illustrated at reference number 74 In Fig. 3. Basically, the transistor 74 is of the 
MOSFET silicon-gate variety, and includes a source diffusion 76, gate 78 and drain diffusion 79 all of 
which define electrical contact regions to which various components (e.g. resistors) and electrical circuitry 
may be connected using the present invention as described in greater detail below. Formation techniques 
involving MOSFET transistors are well known in the art, and date back to the early 1960's MOSFET 
transistor formation is specifically discussed in Appels, J A et al., "Local Oxidation of Silicon* New 
Technological Aspects," Philips Research Reports, Vol. 26, No. 3. pp. 157-165 (June 1971)- Kooi E et 
V**™*" PnjJi P s Research Reports. Vol. 26, No. 3, pp. 166-160 (June 1971); US. Patent No 
4,510,670 to Schwabe; and Elliot D.J., supra, all of which are incorporated herein by reference. 

Next, a layer 80 of electrically resistive material Is applied directly on top of the upper layer 72 of the 
substrate 70 (Fig. 4). As shown in Fig. 4, the layer 80 includes a first section 82 having a first end 84 and a 
second end 86. The first section 82 is continuous and uninterrupted from end 84 to end 86. fn addition 
end 84 is in direct physical contact with drain diffusion 79 of transistor 74 as illustrated, with no intervening 
layers of material therebetween. This direct connection is an important and substantial departure from 
previously-designed systems. r 

The layer 80 also consists of a second section 90 which Is positioned in direct electrical/physical contact 
wrth gate 78 of the transistor 74, and is electrically separated from the first section 82 of the layer 80 
Furthermore, the layer 80 shown in Fig. 4 includes a third section 92 which electrically communicates with 
the source diffusion 76 of the transistor 74. The ultimate functions of the first section 82, second section 90 
and third section 92 will be described hereinafter. 

In one embodiment, the resistive, material used to form layer 80 is manufactured of a mixture of aluminum 
and tantalum. Likewise, tantalum nitride may be used, although the tantalum-aluminum mixture is 
preferred. This mixture Is known in the art as a resistive material, and is formed by the co-sputtering of 
both materials (as opposed to alfoying of the materials, which involves a different process) Specifically 
the final mixture basically consists of about 60 - 40 atomic (at.) % tantalum (50 at. % = optimum) and 
about 40 - 60 at. % aluminum (50 at % = optimum), it is especially effective as an ohmic and 
metallurgical^ compatible contact material relative to the silicon compositions in the transistor 74. 

In an alternative embodiment, the layer 80 may consist of phosphorous-doped polycrystalline silicon This 
matenal is described in U.S. Patent 4,513,298 to Scheu. The formation thereof is accomplished usinq 
oxide masking and diffusion techniques well known in the art and discussed in Elliott, David J supra In 
addition to functioning as an effective resistor material, the polycrystalline silicon has a rough, yet uniform 
surface. This type of surface (which is readily repeatable during the manufacturing process) is ideal for the 
promotion of ink bubble nucleation thereon (bubble formation). In addition, polycrystalline silicon is hiqhlv 
stable at elevated temperatures, and avoids the oxidation problems characteristic of other resistive 
materiafs.The polycrystalline silicon (s preferably applied by the LPCVD deposition of silicon resulting from 
the decomposition of a selected silicon composition (e.g. silane) diluted by argon as discussed in U.S. 
Patent 4,513,298. A typical temperature range for achieving mis decomposition is about 600 - 650 
degrees C, and a typical deposition rate is about one micron per minute. Doping is accomplished using 
oxide masking and diffusion techniques well known in the art of semiconductor doping and discussed in 
U.S. Patent No. 4,513.298 to Scheu and in Elliott, D.J., supra. 

In general, the layer 80 (if manufactured of, e.g., tantalum-aluminum) is applied at a uniform thickness of 
about 770 - 890 angstroms (830 angstroms « optimum), if polycrystalline silicon is used, the layer 80 is 
applied at a thickness of about 3000 - 5000 angstroms (4000 angstroms = optimum). 

With reference to Fig. 5, a conductive layer 1 00 is then applied directly on selected portions of the layer 80 
of resistive material. In a preferred embodiment, the conductive layer may consist of aluminum copper or 
gold, with aluminum being preferred. In addition, the metals used to form the conductive layer 100 maybe 
optionally doped or combined with other materials, including copper and/or silicon. If aluminum is used 
the copper is designed to control problems associated with electn>migration, while the silicon is designed 
to prevent side reactions between the aluminum and other silicon-containing layers In the system An 
exemplary and preferred material used to produce the conductive layer 100 consists of about 95 5% by 
weight aluminum about 3.0% by wefght copper, and about 1.5% by weight silicon, although the present 
invention shall not be limited to the use of this specific composition. In general, the conductive layer 100 
will have a uniform thickness of about 4000 - 6000 angstroms (5000 angstroms = optimum), and is applied 
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using conventional sputtering or vapor deposition techniques. 

As shown in Fig. 5. the conductive layer 100 does not completely cover all portions of the layer 80 of 
resistive material. Specifically, only part of the first section 82 is covered. The second section 90 and the 
third section 92 are entirely covered as described below. With continued reference to Fig 5 the layer 80 is 
basically divided into an uncovered section 102 and covered sections 104, 106, 107, and 108 The 
uncovered section 102 functions as a heating resistor 109 which ultimately causes ink bubble nudeation 
during cartridge operation. Tne covered section 104 serves as a direct conductive bridge between the 
resistor 109 and the drain diffusion 79 of the transistor 74, and enables these components to electrically 
communicate with each other. Furthermore, this specific arrangement of layers prov/des a unique and 
substantia) increase in production efficiency and economy. 

From a technical standpoint, the presence of conductive layer 100 over the layer 80 of resistive material 
defeats the ability of the resistive material (when covered) to generate significant amounts of heat 
Specifically, the electrical current, flowing via the path of least resistance, will be confined to the 
conductive layer 100,. thereby generating minimal thermal energy. Thus, the layer 80 only functions as a 
resistor at the uncovered section 102. The function of the covered sections 106, 107, and 108 will aaain 
be described hereinafter. ^ 

Next, as shown in Fig. 9, a portion 1 20 of protective material is positioned on top of the undertone 
conductive material layers, as described in greater detail below. The portion 120 of protective material 
actually ndudes four main layers in the present embodiment. Specifically, as shown in Fig. 6, a first 
pa^rvation layer 122 is provided which preferably consists of silicon nitride. Layer 122 is applied by the 
\f Y? ? f s!hcon nitride ^"'^"S from the decomposition of silane mixed with ammonia at a pressure of 
about 2 torr and temperature of about 300-400 degrees C. The layer 122 covers the resistor 109 and the 
transistor 74 as illustrated. The main function of the passivation layer 122 is to protect the resistor 109 
(and the other components listed above) from the corrosive action of the ink used in the cartridge This is 
especially important with respect to resistor 109, since any physical damage thereto can dramatically 
UUKr !5J5S S|C °P erational capabilities. The passivation layer 122 preferably has a thickness of about 
4000 - 6000 angstroms (5000 angstroms = optimum). 

The portion 120 of protective material also includes a second passivation layer 1 2a which is preferablv 
manufactured of silicon carbide (Fig. 7). In a preferred embodiment, the layer 123 is formed by PECVD 
using silane and methane at a temperature of about 300^*50 degrees C. The layer 123 covers the layer 
122 as rllustrated, and is again designed to protect. the resistor 109 and other components listed above 
from corrosion damage. 

With reference to Fig. 8, portion 120 of protective material further includes a conductive cavitation layer 
124 which is selectively applied to various areas of the circuit as illustrated. However, the principal use of 
^frv C ?-u 131,00 laver 124 is over to* portion of the second passivation layer 123 which covers the resistor 
2 En T ™P u . rp< i" of the cavitation ,av er 124 is to eliminate or minimize mechanical damage to the resistor 
109 and dielectnc passivation films, in a preferred embodiment, the cavitation layer 124 consists of 
tantalum, although tungsten or molybdenum may also be used. The cavitation layer 124 is preferably 
applied by conventional sputtering techniques, and is normally about 5500 - 6500 angstroms thick fBOOO 
angstroms = optimum). v 

Finally, as shown in Fig. 9, the portion 120 of protective material Includes an ink barrier layer 130 
selectively applied to and above the cavitation layer 124 and portions of the second passivation layer 123 
on both sides of the resistor 109 as illustrated. The barrier layer 1 30 Is preferably made of an organic 
polymer piastic which is substantially inert to the corrosive action of ink. Exemplary plastic polymers 
suitable for this purpose include products sold under the names VACREL and RISTON by E I DuPont de 
Nemours and Co. of Wilmington, Delaware. These products actually consist of polymethylmethacrylate 
and are applied to the cavitation layer 124 by conventional lamination techniques. In a preferred 
embodiment, the barrier layer 130 has a thickness of about 200,000 - 300,000 angstroms {254 000 
angstroms = optfmum).lt is designed to control refilling and collapse of the ink bubble during bubble 
nudeation, and also minimizes cross-taik between adjacent resistors in the system. Furthermore the 
materials listed above can withstand temperatures as high as 300 degrees C, and have good adhesive 
properties for holding the orifice plate of the printhead in position, as described below. 

Finally, an orifice pfate 140 known in the art is applied to the surface of the barrier layer 130 as shown in 

9 : 1 ,°;^ e p,at0 140 controls both dr °P volume and direction, and is preferably manufactured of 
nickel. It also includes a plurality of openings therein, each opening corresponding to at least one of the 
resistors m the system. The orifice plate 140 schematically illustrated in Fig. 10 includes an opening 142 
which is directly above and aligned with the resistor 109. In addition, a section of the barrier layer 130 
directly above the resistor is removed or selectively applied in a conventional manner during the 
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manufacturing process In order to form an opening or cavity 150 which is designed to receive Ink from a 
source within the cartridge (e.g. a storage bladder unit or sponge-like member as previous 
descnbed).Accordingly, activation of the resistor 109 imparts heat to the ink wJthin the cavity 150 throuah 
layers 122, 123. 124, resulting in bubble nucfeation. v mrougn 



located externally in the printer unit (not shown) and schen 
accomplished via covered section 106 of layer 60 which is in direct physical contact withlhe c^ductive * 
cavitation layer 124. Cavftation layer 124 communicates with an external contact layer 162 of conductive 
metal (e g. gold) applied by sputtering at a thickness of about 4000 - 6000 angstroms (5000 angstroms = 
optimum). An identical configuration exists with respect to connection of the source diffusion 76 of the 
transistor 74 to an external ground 164. Connection Is accomplished via the covered section 1 08 of layer 
80The covered section 108 eJectricaJly communicates with the ground 164 through cavitation layer 124 
and an external contact layer 169 of the same type described above relative to layer 162 Finally an 
external lead 170 is connected to gate 78 of the transistor 74 directly through passivation layers 122 123 
as illustrated. Lead 1 70 is specifically connected to the covered section 1 07 of the layer 80. 

The present invention as described herein represents an advance in thermal inKjet printhead desion and 
fabrication. Use of the layer of resistive material for both resistor construction and transistor 
interconnection purposes offers numerous and substantial benefits compared with other more complex 
systems. Having herein described a preferred embodiment of the present invention, it is anticipated that 
suitable modifications may be made thereto by individuals skilled in the art within the scope of the 
inventfon. For example, the exact configuration, size, and quantity of materials used to produce the circuit 
structure of the present invention may be suitably varied. Likewise, the basic circuit fabrication techniques 
referenced herein may also be varied as desired. Thus, the invention shall only be construed in 
accordance with the following claims: 

1 IWI H ..I | I MUIIII II !! ■■»■ I ■■IIP . - , 
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Claims of EP0493897 

1 . A thermal rn^et printhead apparatus comprislnfl* 
a substrate (70); ' v * 

Wt»S£S±;^£^S 'STSfcET <70) - "* d * n *" !,s,or <74 > ■ 

a layer (1 00) of conductive material affixed to a portion of said lavnr /«n . «r .. 

order to leave at least one uncovered section nmsXlrJJr ^ (80) of atectncalty resistive material in 

hsafing resistor (109) said £JE ^i^SSltoSSSSi ^ u "^ red sectton ( 102 > functioning as a 

^™>&ie^^ 

^^coed beneath and in alignment wllh' said ink %2B££Sv^^gS&2F 

2.A thermal InkJet printing apparatus comprising: 

a housing (24) having at least one outlet (26) therethrough 

mean. (22) lhrougn ^ oalS Sand'^Mang 9 eommu " i '»»«> «*> said storage 

a substrate (70); 

^y-SSS^^^ I^SS? (70) " Said tra " Stetor ™ Rising a 

S^K;S±?^S^ < 70 >; s *° (80) of electrical 
drive transistor (74); P Y taCl W ' th 33151 elect "ca' contact regions (76. 78, 79) of said 

a layer (100) of conductive material affixed to a oortion of said lawar ram ~r .. . 

order to leave at least one uncovered sector {^S^Tm^^if^'lS^ reslst,ve material in 
heating resistor (109). said layer (80) £«£Z~ , ur,c ° vered sectlon < 102 > functioning as a 

conductive material at said K£l co^ with ,a * er ( ? 00)<rf 

a a ffittK:^ (74);: 

^utdTsa'fd^ 

section thereof nn^^iSviS^m^^^l^HV (1 2 ? } e rotec «ve material having a 
form an ink mcSKX*^^^ n Sa ' d P'. ate ™? ber < 140 > ,n «*» * 

alignment with said ink recel^^ «*neath and in 

prJvSS^su^ the steps oft 

comprisPng a plurality oTetoS ^StoS^^&^S^r 00 - <74) 
^^KttS^' ^ Sub A ™ °™> ^o said electrica, 

mffia?in SE^^ar ^ < 8 °> ° f «• 
material covering said laye m^S^SS^S£STj^> (100) of conductive 

79) of said transferor (74) saio^ u^SaSsSS^^SP ^ 8 J eClrica ' contact re 9' ons (76. 78. 
applying a porBon (120) of P r£eS^ 0«*. 

WSW^ onto said porton (120) of 

cavity (150) in order to Impart heat thereto pos,t,oned ber,ea{h and "> alignment with said ink receiving 
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4. A method for manufacturing a thermal InkJet printing apparatus comprising the steps of: 
providing a substrate (70) having at least one drive transistor (74) thereon, said drive transistor (74) 
comprising a plurality of electrical contact regions (76, 78, 79) thereon; 

applying a layer (80) of electrically resistive material into said substrate (70) and onto said electrical 
contact regions (76. 78, 79) of said transistor (74); 

applying a layer (100) of conductive material onto a portion of said layer (80) of electrically resistive 
material in order to leave at least one uncovered section (102) thereof, said layer (100) of conductive 
material covering said layer (80) of electrically resistive material on said electrical contact regions (76, 78, 
79) of said transistor (74), said uncovered section (102) functioning as a heating resistor (109);; 
applying a portion (1 20) of protective material onto said resistor (1 09); 

securing a plate member (140) having at least one opening (142) therethrough onto said portion (120) of 
protective material, said portion (120) of protective material having a section thereof removed directly 
beneath said opening (142) through said plate member (140) In order to form an ink receiving cavity (150) 
thereunder, said heating resistor (109) being positioned beneath and in alignment with said ink receiving 
cavity (1 50) in order to Impart heat thereto; 

providing a housing (24) having storage means (22) therein for retaining a supply of Nquid ink. said 
housing (24) further comprising at least one outlet (26) therethrough; and 

securing said substrate (70) to saJd housing (24) at a position thereon so that said ink receiving cavity 
(150) of said printhead is in fluid communication with said storage means (22) through said outlet (26). 

5. The apparatus of claims 1, 2, 3 or 4 wherein said layer (80) of electrically resistive material is comprised 
of a mixture of tantalum and aluminum. 

6. The apparatus of claims 1, 2, 3 or 4 wherein said layer (80) of electrically resistive material is comprised 
of polycrystalline silicon. 

7. A thermal inkjet printhead apparatus comprising:, 
a substrate (70); 

at least one drive transistor (74) formed on said substrate, said drive transistor (74) comprising a plurality 
of electrical contact regions (76, 87, 79) thereon; 

a layer (80) of electrically resistive material affixed to said substrate (70). said layer (80) of electrically 
resistive material being in direct physical contact with said. electrical contact regions (76, 78, 79) of said 
drive transistor (74), said layer (80) of electrically resistive material being comprised of a composition 
selected from the group consisting of polycrystalline silicon and a mixture of tantalum and aluminum;; 
a layer (100) of conductive. material comprised of a metal selected from the group consisting of aluminum, 
copper, and gold affixed to a portion of said layer (80) of electrically resistive material In order to leave at 
least one uncovered section (102) thereof, said uncovered section (102) functioning as a heating resistor 
(109), said layer (80) of electrically resistive material being covered with said layer (100) of conductive 
material at said electrical contact regions (76, 78, 79) of said drive transistor (74); 
a first passivation layer (122) positioned on said resistor (109), said first passivation layer (122) being 
comprised of silicon nitride; 

a second passivation layer (123) positioned on said first passivation layer (122), said second passivation 
layer (1 23) being comprised of silicon carbide;; 

a cavitation layer (124) positioned on said second passivation layer (123). said cavitation layer (124) being 
comprised of a metal selected from the group consisting of tantalum, tungsten, and molybdenum; 
an ink barrier layer (130) positioned on said cavitation layer (124), said ink barrier layer (130) being 
comprised of plastic; and 

a plate member (140) having at least one opening (142) therethrough, said plate member (140) being 
secured to said ink barrier layer (130), said ink barrier layer (130) having a section thereof removed 
directly beneath said opening (142) through said plate member (140) in order to form an ink receiving 
cavity (150) thereunder, said heating resistor (109) being positioned beneath and in alignment with said 
ink receiving cavity (1 50) in order to impart heat thereto. 

8.A thermal Inkjet printing apparatus comprising: 

a housing (24) having at least one outlet (26) therethrough; 

storage means (22) within said housing (24) for retaining a supply of liquid ink therein; and 

a printhead secured to said housing (24), said printhead being in fluid communication with said storage 

means (22) through said outlet (26) and comprising:: 

a substrate (70); 

at least one drive transistor (74) formed on said substrate, safd drive transistor (74) comprising a plurality 
of electrical contact regions (76, 87, 79) thereon; 

a layer (80) of electrically resistive material affixed to said substrate (70), said layer (80) of electrically 
resistive material being in direct physical contact with said electrical contact regions (76, 78, 79) of said 
drive transistor (74), said layer (80) of electrically resistive material being comprised of a composition 
selected from the group consisting of polycrystalline silicon and a mixture of tantalum and aluminum;: 
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a layer (100) of conductive material comprised of a metal selected from the group consisting of aluminum 
copper, and gold affixed to a portion of said layer (80) of electrically resistive material in order to leave at ' 
le»t one uncovered section (102) thereof, sard uncovered section (102) functioning as a heating resistor 
(109), said layer (80) of electrically resistive material being covered with said layer (100) of conductive 
material at said electrical contact regions (76. 78, 79) of said drive transistor (74)* 
a first passivation layer (122) positioned on said resistor (109), said first passivation layer (122) beina 
comprised of silicon nitride; ' * 

a second passivation layer (123) positioned on said first passivation layer (122), safd second passivation 
layer (123) being comprised of silicon carbide;; 

a cavitation layer (124) positioned on said second passivation layer (123), said cavitation layer (124) being 
compnsed of a metal selected from the group consisting of tantalum, tungsten, and molybdenum* 
an ink barrier layer (130) positioned on said cavitation layer (124), said ink barrier layer (130) beina 
comprised of piastic; and v 9 " 

a plate member (140) having at least one opening (142) therethrough, said plate member (140) being 
secured to said ink barrier layer (130), said ink barrier layer (130) having a section thereof removed 
directly beneath said opening (142) through said plate member (140) in order to form an ink receiving 
cavity (150) thereunder, safd heating resistor (109) being positioned beneath and in alignment with said 
ink receiving cavity (150) in order to impart heat thereto, 

9.A method for manufacturing a thermal Inkjet printhead apparatus comprising the steps of* 
provfdlng a substrate (70) having at least one drive transistor (74) thereon, said drive transistor (74) 
comprising a plurality of electrical contact regions C76, 78, 79) thereon; 

applying a layer (80) of electrically resistive material onto said substrate (70) and onto said electrical 
contact regions (76, 78, 79) of said transistor (74), said layer (80) of electrically resistive material being 
comprised of a composition selected from the group consisting of polycrystalline silicon and a mixture of 
tantalum and aluminum;; 

applying a layer (100) of conductive material comprised of a metal selected from the group consisting of 

aluminum, copper, and gold onto a portion of said.layer (80) of electrically resistive material In order to 

leave at least one uncovered section (102) thereof, said layer (100) of conductive material covering said 

layer (80) of electrically resistive material on said electrical contact regions (76, 78, 79) of said transistor 

(74), said uncovered section (102) functioning as a heating resistor (109); 

applying a first passivation layer (122) comprised of silicon nitride onto said resistor (109V 

applying a second passivation layer (123) comprised of silicon carbide onto said first passivation layer 

(122), , 

applying a cavitation layer (124) comprised of a metal selected from the group consisting of tantalum 

tungsten, and molybdenum onto said second passivation layer (123); 

applying an ink barrier layer (130) comprised of plastic onto said cavitation layer (124); and 

securing a plate member (140) having at least one opening (142) therethrough onto said ink barrier layer 

(130), said Ink barrier layer (130) having a section thereof removed directly beneath said opening (142) 

through said plate member (140) in order to form an ink receiving cavity (150) thereunder, said heating 

resistor (109) being positioned beneath and in alignment with said ink receiving cavity (1 50) In order to 

impart heat thereto. 

10.A method for manufacturing a thermal inkjet printing apparatus comprising the steps of: 
providing a substrate (70) having at least one drive transistor (74) thereon, said drive transistor (74) 
comprising a plurality of electrical contact regions (76, 78, 79) thereon; 

applying a layer (80) of electrically resistive material onto said substrate (70) and onto said electrical 
contact regions (76, 78, 79) of said transistor (74). said layer (80) of electrically resistive material being 
comprised of a composition selected from me group consisting of polycrystalline silicon and a mixture of 
tantalum and aluminum;; 

applying a layer (100) of conductive material comprised of a metal selected from the group consisting of 

aluminum, copper, and gold onto a portion of said layer (80) of electrically resistive material in order to 

leave at least one uncovered section (102) thereof, said layer (1 00) of conductive material covering said 

layer (80) of electrically resistive material on said electrical contact regions (76, 78, 79) of said transistor 

(74), said uncovered section (102) functioning as a heating resistor (109); 

applying a first passivation layer (122) comprised of silicon nitride onto said resistor (109)- 

applying a second passivation layer (123) comprised of silicon carbide onto said first passivation layer 

(122);; 

applying a cavitation layer (124) comprised of a metal selected from the group consisting of tantalum 

tungsten, and molybdenum onto said second passivation layer (123); 

applying an ink barrier layer (130) comprised of plastic onto said cavitation layer (124); 

securing a plate member (140) having at least one opening (142) therethrough onto said ink barrier layer 

(1 30), said ink barrier layer (130) having a section thereof removed directly beneath said opening (142) 

through said plate member (140) in order to form an Ink receiving cavity (150) thereunder, said heatfng 

resistor (109) being positioned beneath and in alignment with said ink receiving cavity (150) in order to 
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impart heat thereto; 

providing a housing (24) having storage means (22) therein for retaining a supply of liquid ink, said 
housing (24) further comprising at least one outfet (26) therethrough; end 

securing said substrate (70) to said housing (24) at a position thereon so that said ink receiving cavity 
(150) of said printhead is in fluid communication with said storage moans (22) through said ouflet (26). 
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